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ARSENIC IS UBIQUITOUS BUT NOT ELEVATED IN ABANDONED COAL-MINE
DISCHARGES IN PENNSYLVANIA
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ARSENIC IN ABANDONED MINE DISCHARGES, ANTHRACITE AND BITUMINOUS|COALFIELDS

ABSTRACT PHYSIOGRAPHIC SETTING SITES SELECTED ON BASIS OF FLOW & CHEMISTRY
Despite elevated concentrations in coal beds, dissolved As rarely

Bituminous coal deposits underlie western and north-central Pennsylvania, and Selected large discharges from abandoned underground mines were sampled by the U.S. Geological
is elevated in abandoned coal-mine discharges in Pennsylvania. For anthracite deposits underlie east-central and northeastern Pennsylvania (see map). Survey (USGS) during low-flow conditions in 1999. The 101 bituminous discharges had previously been
140 samples collected in 1999, concentrations of As ranged from The mineable coals, mostly of Pennsylvanian Age, are interbedded with shale, studied by the Southern Alleghenies Conservancy (1998). The 41 anthracite discharges had previously been

i . . . siltstone, sandstone, and occasional limestone (Brady and others, 1998). The studied by the USGS (Growitz and others, 1985; Wood, 1996).
<0.03 to 15 ny/L in 41 anthracite mine discharges and from 0.10 to bituminous coalfield lies within the Appalachian Plateaus Physiographic Province
64 ng/L in 99 bituminous coal-mine discharges. The pH of these and is characterized by gently dipping strata (Berg and others, 1989); nearly

horizontal coalbeds commonly crop out in the incised stream valleys. The anthracite

discharges ranged from 2.7 to 7.3, with dominant modes at pH 3-4 coalfield lies within the adjacent Ridge and Valley Physiographic Province, which is i

and 6-7; concentrations of Fe ranged from 46 to 512,000 mg/L. The characterized by complexly deformed strata (Wood and others, 1986). Mineable
As was positively correlated with pH, alkalinity, Fe, SO, Cl, Br, and | anthracite beds are present primarily in steeply folded and fractured synclinal e ~|BITUMINOUS|COALFIELD ANTHRACITE COALFIELD
! T T troughs.
and was inversely correlated with redox potential. Aqueous i i 1 F= — T T T .
speciation computations indicated arsenate species (H,AsO,4 and CLEAN METHODS FOR WATER SAMPLING & ANALYSIS I : T
2 .
HAsO,4) predominated. A two-person USGS team collected global positioning system (GPS)
coordinates, hydrological, and chemical data for each sampling station. Field data for f i
Concentrations of As in Fe-rich precipitate (ochre) samples from flow rate, pH, redox potential (Eh), specific conductance, dissolved oxygen, and :

temperature were measured when samples were collected using field-calibrated
instruments (Wilde and others, 1998). The team used low-level (part per billion, part
Generally, the concentration of As in the solids was positively per trillion) techniques for sampling and analysis (Horowitz and others, 1994; Wilde
and others, 1998). Samples for analysis of dissolved inorganic constituents were
filtered using 0.45-nm capsule filters.

20 of the anthracite discharge sites ranged from <0.07 to 270 mg/kg.

correlated with the concentration of As and pH of the source water;
the ratio of As concentrations in solution to As in solids (Kd) did not

vary with pH. This trend could indicate increased capacity for ) _AIkaIinity and acidity on unfiltered s_amples were de?ermined_ in the» laboratory

. . . within 48 hours of sampling. Concentrations of major anions, major cations, and
attenuation of As by Fe compounds at higher pH. Poorly crystalline trace elements were determined using inductively coupled plasma emission mass .
Fe(lll) oxyhydroxides, such as ferrihydrite, tend to form under near- spectrometry (ICP-MS), inductively coupled plasma atomic emission spectroscopy i )

(ICP-AES), and ion chromatography (IC) (Fishman and Friedman, 1989; Faires,

neutral conditions whereas Fe(lll) oxyhydroxysulfates, such as 1993). All samples were analyzed in replicate. Split samples were analyzed at the

schwertmannite, and crystalline Fe(lll) oxyhydroxides, such as USGS Mineral Resources Laboratory in Denver and Activation Laboratories in
goethite, are predominant Fe(lll) phases formed at low pH. Canada, and a subset was analyzed by the USGS National Water Quality
Laboratory.

Ferrihydrite could have greater sorption capacity for arsenate than
goethite or schwertmannite. Nevertheless, the As that is associated
with metastable Fe(Ill) compounds, such as ferrihydrite and
schwertmannite, can be remobilized (1) upon conversion of
metastable compounds to more stable phases such as goethite or (2)

from reductive dissolution or acidic digestion. FLOW AND HYDROCHEMICAL CHARACTERISTICS

Geology from Berg and others (1990)

Flow from anthracite mines generally exceeds All mine discharges are not acidic;
that from the bituminous mines sampled dominant field pH classes are near neutral
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ARSENIC ATTENUATION AND CHARACTERISTICS OF THE SOLID PHASES

pH and other chemical characteristics vary due to PRECIPITATE MINERALOGY & CHEMISTRY FOR SOME SITES

pyrite oxi dation and neutralization processes Samples of accumulated ochre (iron-oxide precipitate) that was in contact with the mine water were collected in October 1997

at a few of the Anthracite discharge sites by J. Bigham and D.J. Williams (Ohio State University). The mineralogy of these
samples was determined by X-ray diffraction. Twenty samples of precipitate were collected in 1999 at the time of the discharge

3,000 00, water sampling and analyzed for arsenic by Jim Budahn (USGS-Denver).
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As-rich ochres precipitated by mine discharges can (1) accumulate in wetlands and other
accessible water bodies and (2) can be scoured and transported to downstream waters where

OILFIELD BRINE, W.PA. :
- they are subject to ingestion by aquatic organisms and reductive dissolution.
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